An optimal control strategy based on Two-Point-Multirate Controllers (TPMRCs), is used to design a desirable excitation controller of a hydrogenerator system, in order to enhance its dynamic stability characteristics. In the TPMRCs based scheme, the control is constrained to a certain piecewise constant signal, while each of the controlled plant outputs is detected many times over a fundamental sampling period T0. On the basis on this strategy, the original problem is reduced to an associate discrete-time linear quadratic (LQ) regulation problem for the performance index with cross product terms, for which a fictitious static state feedback controller is needed to be computed. Simulation results for the actual 117 MVA synchronous generator with conventional exciter supplying line to an infinite grid show the effectiveness of the proposed method which has a quite satisfactory performance.
Introduction
The typical control problem has always been to start with a suitable linear (or linearized) open-loop mathematical model of a physical plant (in continuous or discrete form) and attempt to design a proper controller for it, i.e. to obtain an associated closed-loop system with enhanced dynamic stability characteristics. [1] [2] [3] [4] [5] [6] [7] . The digital controller applied for the discrete linear systems may be obtained by using a new TPMRCs [8, 9] .
It is pointed out that the used TPMRCs technique reduced the original LQ regulation problem to an associated discretetime LQ regulation problem for the performance index with crossed product terms, for which is computer a fictitious static state feedback controller [11] [12] [13] [14] [15] [16] . In addition, thus technique offers more flexibility in choosing the sampling rates and provides a power design computed method.
In the present work the discrete linear open-loop system model under consideration systematically derived from the associated continuous 8th order SIMO linearized open-loop model of a practical power system, hawing on 117 MVA synchronous generator supplying power to an infinite grid through a step-up transformer and a transmission line [17, 18] . The sought digital controller for the enhancement of the dynamic characteristics of the above 6th order discrete model is accomplished by the proper application of the new TPMRCs to it.
Overview of Relevant Mathematical Considerations
Consider the controllable and observable continuous linear state-space system model of the general form
where: (t) ∈ n x R , (t) ∈ m u R , are the state, input, and controlled output vectors, respectively. In Eqn. 1 all matrices have real elements and appropriate dimensions. Now follows a useful definition. The associated general discrete description of the system of Eqn. 1 is as follows
x =Ax +Bu y =Cx (2) where:
and output vectors respectively; and A, B and C are real constant system matrices with proper dimensions.
Overview of new TPMRCs for Linear Discrete Systems
This method with Η ο and H N being zero-order holds and with holding times T o and T N , respectively (see Figure 1 ) is presented here in a concise manner, whereas the details are found [8] . Starting with the general linear state space system description in continuous form ( ) 
where
Finally, one scetcs a controller in the form of (6) and (8) which, nowen applied to system (1), minimizes the following performance index
∫ y Qy u Ru (9) where pxp mxm R and R ∈ ∈ Q R are symmetric matrices with
The above problem is equivalent to the problem of designing a control law of the form of Eqn. 9, in order to minimize the following index:
Theorem 2.1. The following basic formula of the multirate sampling mechanism holds.
where, matrices
are defined as follows ( ) ( ) (10) and where,
The ultimate expressions for the control law optimal gain matrices u L and K are as follows
where , N N and R G H are defined in [2, 3] . The resulting discrete closed-loop system matrix ( )
where cl=closed-loop, ol=open-loop and d=discrete.
Design and Simulations of Resulting Discrete ClosedLoop Power System Model
In the present work, the aforementioned optimal control strategy is used to design a desirable excitation controller of a hydrogenerator system, for the purpose of enhancing its dynamic stability characteristics. The hydrogenerator system studied, is an 117 MVA hydrogenerator unit of the Greek Electric Utility Power System, and which supplies power through a step-up transformer and a transmission line to an infinite grid. A linear model of the hydrogenerator can be obtained by linearizing its nonlinear Park's equations [16, 17] about the operating point, of the hydrogenerator unit are ginen in table 1 wherein P t and Q t denote the active and the reactive generator power. Based on the state variables Figure 2 and the values of the parameters and the operating point (see Appendix A), the system of Figure 2 may be described in state-space form, in the form of Eqn. 1, where
The matrices A, B, C, are given in Appendix B. Table   2 and Figure 3 , respectively. 
The computed magnitude of the eingenvalues of the discrete open-loop power system models and the simulated responses of the output variables (δ, ω, v t , P t , i f , E fd ), are shown in Table 3 and Figure 3 , respectively. Evaluation relations (11) and (12) we obtain the admissible TPMRC gains.
The computed values of B N , K, L u and feedback gain matrices are: 
The magnitude of the eigenvalues of the discrete original open-loop and of the designed closed-loop power system model are shown in Table 3 .
The simulated responses of the output variables (δ, ω, v t , P t , i f , E fd ) of the discrete original open-loop and designed closed-loop power system models, for zero initial conditions and unit step input disturbance, are shown in Figure 3 and Figure 4 . By comparing the computed eigenvalues of the simulated responses of the discrete original open-loop power system model and the associated designed discrete closed-loop models, it is clear that the resulting enhancement in the dynamic system stability of the closed-loop system model is remarkable.
From Figure 3 it is clear that the dynamic stability characteristics of the designed discrete closed-loops systemsmodels are far more syperior than the correspondig, ones of the original open-loop model, which attests in favour of the proposed TPMRCs-control technique.
It is to be noted that the solution results of the discrete system models (i.e. eigenvalues, eigenvectors, responses of system variables etc.) for zero initial conditions were obtained using a special software program (which is based on the theory of § 3 and runs on MATLAB program environment).
In Figure 6 , the variation of the optimal average cost J opt [1] with respect to the fundamental sampling period T o is depicted in the case where (No, M1, M2, M3, M4, M5, M6)= (8, 2, 4, 6, 7, 8, 12 ) is depicted. The optimal average cost obtained is given by [2] ,
Px , where P is the Riccati solution [1, 2, 9] . In our case simple calulations yield It is to be noted that the solution results of the discrete system models (i.e. eigenvalues eigenvectors, responses of system variables etc) for zero initial conditions were obtained using a special software program (which is based on the theory of § 3 and runs on MATLAB program environment).
Conclusions
An optimal digital control strategy based on Two-PointMultirate Controllers has been used in this paper in order to design a desirable excitation controller of an unstable hydrogenerator system, for the purpose of enhancing its dynamic stability characteristics. The proposed method offers acceptable closed loop response as well as more design flexibility (particularly in cases where the system states are not measurable), and its performance is at least comparable to known LQ optimal regulation methods. 
